Goldblatt3 has described the visceral arteriolar necroses and hemorrhages occurring in association with hypertension and azotemia after constriction of the renal arteries in dogs. In rabbits with induced hypertension, Wilson and Pickering8 have found similar lesions. These authors have mentioned the presence of an occasional intramural hemorrhage in the smaller vessels. In a series of dogs, prepared after the same fashion in this laboratory, these observations have been confirmed, and numerous hemorrhagic lesions of the larger vessels also have been noted. This paper will describe the latter lesions and include a few examples of similar change encountered in a preliminary survey of materials from patients whose clinical story suggested such a possibility.
as fleck-like, petechial hemorrhages in the perivascular connective tissue. On examination of the underlying intimal surface, an occasional discoloration indicated the presence of an intramural hemorrhage (Fig. 1 ). When such a vessel was cleared by the Spalteholz technic, numerous hemorrhages of the wall, not previously suspected, became apparent.
Microscopic examination revealed marked changes in the adventitial and medial vasa vasorum with associated edema, necrosis, and hemorrhage in the wall of the parent vessel (Fig. 2) . The usual appearance of the vasa was altered in many instances by the presence of a more or less complete circle of bright fuchsin-staining substance (Masson) underlying the endothelium (Figs. 2 and 5 ). This material often varied in thickness, extending toward the lumen of the vessel or away from it into the adventitial tissues. Frequently the endothelium was raised, and between it and the bright staining substance there was present a small cellular accumulation, composed chiefly of monocytes, red blood cells, and an occasional polymorphonuclear leukocyte. In the adventitial and peri-adventitial tissues of the vasa surrounding such bright staining mural inclusions were similar cellular accumulations, often quite rich in extravasated red blood cells (Fig. 2) . When the necrotic process in the wall of the vessel extended to the lumen, the latter sometimes was occluded by a thrombus of similar acidophilic material in which leukocytes and monocytes occasionally were recognizable. Often the line of demarcation between mural change and luminal mass could not be made out. It should be emphasized that the lesions of the vasa described above correspond closely to the visceral arteriolar changes (Fig. 6) found both in our animals and in those of other workers.
Associated with these lesions of the vasa were necroses and hemorrhages of the medial coat of the parent vessel (Figs. 2 and 7) . Prominent also, near or surrounding degenerating vasa, were focal areas of edema (Figs. 3 and 8) of the muscular coat. Much bright staining, homogeneous material similar to that seen in the walls of the vasa was present in such areas, either in small, irregular masses or as minute granules in the otherwise dear intercellular edema spaces (Fig. 2) . The hemorrhages were by no means confined to the media. They extended frequently throughout the adventitia, media, and intima, often to within three or four cell layers of the endothelium itself. Occasionally, as indicated above, they were continuous with a complete or partial thrombotic luminal occlusion.
VASCULAR LESIONS FOLLOWING RENAL ISCHEMIA
Detailed study of the early stages of the lesions described above indicates that the initial damage to the vessel wall involves smooth muscle. Necrosis of individual fibers is found in the media of the vasa, as well as in the various coats of the parent vessel. With Masson, the fiber, which is ordinarily a dull brick-red in staining reaction, takes up more and more of the fuchsin and orange G of the stain. Gradually, as the nucleus disappears and the cellular outlines are lost, the cell becomes a structureless, bright red or orange-red mass. These isolated necrotic fibers seen in the early lesions apparently fuse to form the nudeus, at least, of the homogeneous bright red staining mural bands already described in the vasal vessels. This fuchsin-staining substance lies in the position of the media and may replace large portions of this coat. It often exceeds in thickness, as has been mentioned, the adjacent uninvolved segments of media. This increase in size is hardly to be explained by mere swelling of the fused muscle fibers. Furthermore, the presence of acidophilic granules in the vicinity indicates that it may grow by accretion of similar staining materials in its environment. The final result is a bright fuchsin-staining mass identical microscopically with the well-known "fibrinoid" degeneration described in the arteriolar necroses of malignant nephrosclerosis. In the larger vessels the whole width of the media is not transformed in the above fashion. Isolated masses of fuchsin-staining substance are found, however, near degenerating vasa. This material again has its origin, at least in part, in the fusion of necrotic smooth muscle cells.
In view of the above findings and the often observed fact5'6 that visceral arteriolar changes of a like nature are present in individuals dying in clinical uremia with hypertension, the great vessels from several such cases have been examined. A few illustrations (Figs. 2, 3, 4, 7, 8, 9, and 10) suffice to show the striking similarity of the medial lesions encountered. It may be pertinent to point out that in the same vessels medial scars as well are often met with (Fig. 10) , and the possibility of correlation between the acute and the healed lesions is evident. It seems reasonable to associate these changes with the well-recognized hemorrhagic medial necrosis described by 
Autopsy
Grossly: The operative wound is clean. The right kidney is reduced to a very small residue of firm, fibrous connective tissue, while the left is swollen, soft, friable, opaque, and discolored, and is obviously necrotic. Numerous fleck-like petechial hemorrhages are seen scattered over the subserosal surfaces of the stomach, intestines, pancreas, and the gall-bladder. There is fluid blood in the large intestine. Similar fleck-like hemorrhages are seen in the lungs, the epicardium, and the brain. In the loose periadventitial tissue of the pulmonary conus and in the descending aorta are numerous, small, splotch-like hemorrhages. The mural hemorrhages show through on the intimal surface as blue discolorations. In the left ventricle there are extensive subendocardial hemorrhages, and there is a small petechial spot on the mitral valve.
Microscopically: There is massive necrosis of the left kidney. The right kidney is composed almost entirely of dense scar tissue, but a few tubules may be found. In the granulation tissue surrounding the clamped renal artery of this side are many small vessels showing acute necrosis of their walls. The submucosal and subserosal vessels of the large and small intestines show acute necrotic changes. Subendothelial and medial masses of bright fuchsin-staining amorphous material are prominent. Extravasated red blood cells are present in the walls of some of these vessels and in the periadventitial connective tissue. Occasionally a small accumulation of leukocytes is present in these locations as well. Arteriolar change of the same nature is present in lesser degree in the spleen, the pancreas, the wall of the gall-bladder, the lungs, and the heart. The walls of some of the smaller coronary veins also show the acute process. Besides the subendocardial hemorrhage noted grossly, a few small myocardial hemorrhages, associated with necrosis of myocardial fibers, are found.
Focal areas of medial edema, necrosis, and hemorrhage are found in the pulmonary artery and aorta. These are associated with adventitial hemorrhages, and with marked necrosis in the walls of the adventitial and medial vasa. The latter show changes similar to those described in the intestinal vessels and similar also to those found in focal areas of the media of the parent vessel. Microscopically: There is massive necrosis of both kidneys. Acute necroses of small vessels are found in the submucosa of the large intestine, in the spleen, and in the vasa vasorum of the pulmonary artery and aorta. Associated with the vasal lesions are focal medial areas of edema and necrosis in the parent vessels. Hemorrhagic myocardial necroses are found in the left ventricle.
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Case report 4282 R. B., a 47-year-old white man, entered the hospital on May 24, 1938, complaining of passing dark-colored urine. His general health had always been good. There was no relevant family history.
Present illness: Without any previous history of acute illness, the patient began having severe headaches about five months before admission. At this time he consulted a physician, who found an elevated blood pressure, 212 systolic. Three months before admission the patient had blurred vision for about three weeks, and six weeks before admission he had first noticed that his urine was dark in color. 
Autopsy
The body is that of a well-developed, well-nourished man and weighs 182 lbs.
Heart: The heart is enlarged, weighing 530 gm. No myocardial or 456 endocardial lesions are noted grossly or microscopically. There is some irregular intimal thickening of the coronary arterioles.
Kidneys: The kidneys are large, weighing 185 and 175 gm. respectively. Their capsules strip readily and leave a finely granular surface. Throughout the cortex of both organs are numerous fine petechial hemorrhages. Microscopically, the renal arterioles, especially the afferent ones, show, in the hematoxylin and eosin stain, a subendothelial deposit of a hyaline material. In some vessels there is a definite increase in the subendothelial connective tissue. Portions of many glomerular tufts show necrosis or hyalinization and there are red blood cells in the capsular spaces. An occasional epithelial proliferation of Bowman's capsule is present. Scarring of the cortical zones alternates with dilated atrophic tubules. Such scarred areas are moderately infiltrated with lymphocytes.
Small intestines: Numerous petechial hemorrhages are present in the submucosa of the jejunum and ileum.
Pulmonary artery and aorta: No lesions of the pulmonary artery are found. The aorta shows numerous atheromatous thickenings of its intimal surface. The medial and vasal adventitia are prominent and show thickening, but no definite necrosis of their walls. However, the media of the aorta contains numerous clear-cut zones of edema and also of necrosis of the muscular and elastic fibers. Extravasated red blood cells are present in some of these areas. Dense fibrous scars of the media also occur, corresponding in position to the acute processes described above. Hemorrhagic extravasations into and around the intimal atheromata are frequent.
Sumnary
Renal artery constriction in dogs, resulting in hypertension, progressive azotemia, and death within three to eight days, is associated with necrotizing, hemorrhagic mural lesions of the larger blood vessels.
The pulmonary artery, the aorta and all its branches, and the great veins may all be involved.
Necrosis of smooth muscle occurs variably in all of the coats of the larger vessels. The vasa vasorum of the adventitia and also the smaller branches in the media frequently show necrosis of their walls; thrombi often accompany the mural changes. These processes in the smooth muscle in the vasa are associated with the larger focal hemorrhagic medial necroses of the parent vessels.
The mural lesions of the larger vessels, together with the changes in their vasa vasorum, are strikingly similar to the vascular lesions occurring in malignant nephrosclerosis in man. AMasson stain. X 200.
